The most important drivers of increasing greenhouse gas emissions are increasing world's population, economic development resulting in higher level of productions and consumption, but also unanticipated increases in the energy intensity of GDP and in the carbon intensity of energy. The EU committed to reduce their greenhouse gas emissions by 20% until 2020 or 40% until 2030 compared to 1990 levels of the Kyoto Protocol. The Czech Republic enlarged EU in 2004 as a country from Eastern Europe where usually the heavy industries or agriculture prevail over other sectors. The aim of the paper was an evaluation of the development of greenhouse gas emissions and related aspects in the industry of the Czech Republic. Based on the results was concluded that although greenhouse gas emissions of the Czech Republic are deeply below the Kyoto targets, there are areas for improvements e.g. in case of energy intensities, as well as in case of carbon intensity and carbon productivity, where the Czech Republic reaches worse results than the EU28. Therefore is recommended to decrease greenhouse gas emission and increase gross value added generated by each NACE sector. Both those factors will impact on improvement of energy intensity, carbon productivity as well as greenhouse gas emissions per capita.
INTRODUCTION AND LITERATURE REVIEW
Climate change is mainly caused by global warning, when the atmospheric concentrations of greenhouse gas emissions are increased due to anthropogenic activities i.e. climate change has been caused mainly by human activity. Humaninduced greenhouse gas emissions have grown since the industrial revolution through of burning fossil fuels and further due to increasing world's population and economic development resulting in higher level of productions, consumption, as well as energy consumption (Massai, 2011; Eurostat, 2010) . But other important drivers of increasing greenhouse gas emissions are unanticipated increases in the energy intensity of GDP and the carbon intensity of energy (Steven, J., Davis and Caldeira, K., 2010) . Further, the European Commission found out that the greatest impact for most common energy consumption is the emission of greenhouse gases, particularly CO 2 from combustion (Bickel, Friedrich, Droste-Franke and Preiss, 2005) .
There are several reasons why climate change/ global warming should be resolved and many international organizations and institutions are dealing in details with this issue, especially the World Trade Organizations, the United Nations with its Kyoto Protocol, the European Union with its policy frameworks on energy, the Organisation for Economic Co-operation and Development, the Association of South East Asian Nations, and others. One of the main reason is adverse eff ect of global warming, when climate change caused by a carbon dioxide (CO 2 ) causes for example increasing in global average temperatures (Hegerl et al., 2007) , sea level rise (Pethica et al., 2010) , and a higher frequency of extreme weather events (Smith et al., 2009) . Further according to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change the global greenhouse gas emissions increased by 70% between 1970 70% between and 2004 70% between (Massai, 2011 . Due to this fact, the Kyoto Protocol signed in 1997 committed the industrialised countries to limit or reduce their greenhouse gas emissions at least 5% from the 1990 levels in the period [2008] [2009] [2010] [2011] [2012] , and subsequently its Doha Amendment 1 from 2012 for the second period 2013-2020 with at least 20% reduction's target from the 1990 levels. Subsequently based on the Kyoto Protocol, the EU committed to reduce greenhouse gas emissions at least 8% (currently the European Commission proposes a new reduction target for European greenhouse gases emission of 20% in 2020 and 40% 2 in 2030 compared to 1990 levels). In addition, another reason can be considered the foundation both of the European Climate Change Programme in 2001 with aim to develop the European policy that will achieve the international obligation related to the reduction of greenhouse gas emissions, and the EU Emissions Trading Systems in 2005 as the cost-eff ective tools for cutting greenhouse gas emissions.
Some issues can emerge during the development of European environmental policy, namely the EU consists of 28 member states with political and economic diff erences, with diff erent environmental protection, diff erent energy or carbon intensity of its economy and other diff erent aspects related to greenhouse gas emissions. Based on those facts, each of the EU member state can be considered as absolutely diff erent, mainly in the respect of specifi c needs related to greenhouse gas emissions and achieving the Kyoto reduction target. Therefore as mentioned (Eurostat, 2010 ) the individual policy decisions related to the greenhouse gas emissions should be made using timely and reliable information and environment statistics. Moreover as state (Caldeira, K. and Steven J. Davis, 2011) , individual policy should take into account international trade, because CO 2 emissions in one country can support consumption of goods and services in another country and increase CO 2 emissions. In addition, it is also needed to monitor environmental trends, evaluate progress and set up environmental targets.
According to the actual 2014 report form the Yale Center for Environmental Law and Policy, the Czech Republic ranks 5 th out of 178 countries in the terms of its environmental performance, its position is better than based to the 2002 report (Czech Republic ranked 6 th position). The environmental performance is measured through environmental performance index (hereina er EPI) which ranks how well countries perform environmental issues, specifi cally protection of human health from environmental harm and protection of ecosystems. However in the respect of emission it is important mentioned partial results of that report, i.e. air pollution, trend in carbon intensity and emissions per KWH. In the terms of air pollution the Czech Republic ranks deeply on 161 st (169 th in 2002) and compared to European region peer set is air pollution worse by 16% up to 35%. Secondly, in the terms of the trend in CO 2 emissions per KWH the Czech Republic ranks on 56 th (same as in 2002) and compared to European region peer set is that trend worse by 15%. Finally in the terms of the trend in carbon intensity the Czech Republic ranks on 25 th (same as in 2002) and compared to European region peer set is that trend better by 15%. Industry has been still considered for the largest polluter in the Czech Republic.
Due to this fact the aim of this paper is an evaluation of the development of greenhouse gas emissions and related aspects in the industry of the Czech Republic, and an identifi cation of areas for possible improvements.
DATA AND METHODOLOGY
An analysis of the greenhouse gas emission and related aspects was performed on the Czech Republic, which has enlarged of the EU in 2004. Further, there are mentioned EU28 or EU27 as a comparable unit.
The Czech Republic is situated in the Eastern Europe where usually agriculture or/and heavy industries prevail over other sectors than it is usual in the West Europe, where is the shi to the lowcarbon industries. Therefore the paper focused on the following questions, i.e. how is a level of greenhouse gas emissions and/or CO 2 equivalent emissions, what industries sectors generated the largest/lowest level of emissions, how is an energy intensity and/or carbon intensity, how is a carbon productivity and how is gross value added in industry sectors. All of those factors and others were analysed at the level of the Czech Republic. Eurostat or European Environment Agency (hereina er EEA) were used as a source of data set.
At the beginning of the analysis the total greenhouse gas emissions were mentioned in the respect of Kyoto targets. Data was gained from EEA, online data code env_air_ind, for the period between 1990 and 2011 and indexed to 1990. The new target for the second commitment period (2013 to 2020) was gained from Doha Amendment 3 which amended the Kyoto Protocol. A er that the total greenhouse gas emissions per capita and GDP per capita were determined for reference year 2011, as follows: As another indicator for the evaluation of greenhouse gas emissions was used the indicator of energy intensity (hereina er EIa), followed by carbon intensity. Both of them can be identifi ed based on the Kaya identity (Nakicenovic, N., 2004; Nakicenovic, N. et al., 2000) . Energy intensity is measured as a ratio between the gross inland energy consumption (hereina er GIC) and economic output (GDP) for a given period, i.e. the amount of energy required to produce a unit of economic output. where GIC represents the quantity of energy consumed within the borders of a country, including energy consumed in the form of electricity, heating and transport. It is the sum of GIC of solid fuels, liquid fuels, gas, nuclear energy, renewable energies, and other fuels. The GIC is calculated by adding primary production and recovered products of energy together with total imports and changes in stocks minus total exports and bunkers. Because diff erent fuels have diff erent energy contents and are measured in various units, it is necessary to convert all fuels to a single meaningful unit, specifi cally to oil equivalents. Thus, GIC is measured in thousands tonnes of oil equivalents (TOE). GDP is measured in millions of PPP and allow the comparison of levels economic activity of diff erent sized economies irrespective of their price levels. Another way for determination of energy intensity (hereina er EIb) is through gross value added (hereina er GVE) generated by individual sector of industry, specifi cally as fi nal energy consumption (hereina er FEC) in industry divided by GVE, i.e. the amount of energy required to produce a unit of gross value added. As was mentioned before in case of consumption, FEC is also measured in thousand tonnes of oil equivalents and GVE is measured in million EUR (determination of GVE is mentioned below in formula 5). Data for the Czech Republic was gained in Eurostat, online data code nrg_100a and nama_gdp_c for the period between 1995 and 2012. The energy intensity gives an indication of the eff ectiveness with which energy is being used to produce added value. Thus reductions in this indicator means that less energy is needed to produce the same level of output. The EIb was breakdown by industries according to NACE sections (sections A to S). Analysed period was from 2008 to the last available year, 2011.
GIC
The last indicator for the evaluation of greenhouse gas emissions was chosen the indicator of carbon intensity (hereina er CI). The carbon intensity shows how CO 2 intensive energy use is in diff erent countries, i.e. how many tonnes of CO 2 emissions are generated to meet the energy needs. Its determination can be also made through the Kaya identity as a ratio between the greenhouse gas emissions (CO 2 equivalents) and GIC for a given period.
CO 2 equivalents emissions Carbon intensity (CI) =  GIC
[tCO 2 per TOE] (3) where CO 2 equivalents emissions include total emissions in selected years and GIC energy consumed within the borders of a country measured in thousands TOE. Data for the Czech Republic was gained in Eurostat and EEA, online data code env_air_gge and nrg_100a, for the period between 1995 and 2011.
An analysis of greenhouse gas emissions by source (CO 2 equivalent) was based on data set from Eurostat or EEA, online data code env_air_gge, for the period from 1990 to 2011. Among main source of greenhouse gas emissions are considered fi ve sectors, namely energy, industrial processes, solvent and other product use, agriculture and waste. Further, another detail analysis was performed to breakdown CO 2 equivalents emissions by economic activity accordingly to NACE 4 for 4 NACE is the Statistical Classifi cation of Economic Activities in the European Community analysed period from 2008 to 2011 and for reference year 2011 in case of a chart. Data for the Czech Republic and EU28 was gained from Eurostat/EEA, online data code env_ac_ainah_r2 and was breakdown both by industries according to NACE sections and separate CO2 equivalents. Analysed NACE sections 5 cover sections A to S, section T and U were excluded due to lack of data. The air emissions in the form of CO2 equivalents are measured in tonnes. Data follows the residence principle, i.e. it records emissions from resident units' activities, regardless where they occur.
The last part of the analysis of greenhouse gas emissions represent a carbon productivity of an economy measures a productivity of individual industry sectors in the respect of CO 2 emissions generated by its processes i.e. how many million EUR of gross value added is attributed to the one tCO 2 equivalents generated in the individual sectors of the economy Carbon productivity is defi ned as the ratio between gross value added and CO 2 equivalents emissions calculated for a calendar year and breakdown by economy according to NACE sections. Gross value added is measured in Millions of euro (at prices of the previous year) and emissions in tonnes, therefore the carbon productivity is measured in Million EUR per tCO 2 . 
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RESULTS
Based on the Kyoto Protocol signed in 1997 6 , the industrialised countries committed to limit or reduce their greenhouse gas emissions at least 5% from the 1990 levels (the Kyoto base year) in the period [2008] [2009] [2010] [2011] [2012] As can be seen in case of EU28, the 20% reduction's target is going to be reached and the level of greenhouse gas emission of the Czech Republic is deeply below the 8% reduction's target, as well as 20% reduction's target. Based on the results, it could be considered that the Czech Republic is not now committed further to reduce its greenhouse gas emissions, because its emissions are deeply below the targets.
However, another detail analysis presents diff erent results. Based on the determination of greenhouse gas emissions per capita, the Czech Republic represent 12.73 tCO 2 per capita that is above of EU28 average (9.07 tCO 2 per capita). Others indicators of evaluation of greenhouse emissions, namely the energy intensity and carbon intensity, show that the Czech Republic, although the trend of both indicators is decreasing, has higher level of energy intensity as well as carbon intensity than the average of EU28. For more details see Fig. 1 above. Carbon intensity of energy use presents how CO 2 intensive-energy use is in the country and energy intensity presents how much energy is required to produce a unit of economic output. Regarding the development of carbon intensity of the Czech Republic between 1995 and 2011 can be concluded the decreasing trend in amount of 15%, similarly as in EU28, i.e. that CO 2 emissions generated to meet the energy needs was by 15% lower in 2011 than in 1995. In 2011, the level of carbon intensity was 3.09 in contrast to EU28 average in the amount of 2.69. In the respect of energy intensity, the Czech Republic also reported the decreasing trend, however in the amount of 45%, similarly as in EU28, i.e. that in 2012 for the production of one unit of economic output was used half of energy than in 1995. For more details see Tab. II below.
The most important source of greenhouse gas emissions in the Czech Republic is energy industry including transport (average 122,702 Mt CO 2 , 82%). That sector is followed by non-energy related industry, namely by industry processes (average 13,832 Mt CO 2 , 8.83%), agriculture (average 9,817 Mt CO 2 , 6.04%) , waste (average 3,128 Mt CO 2 , 2.73 %), solvent and other product use (average 573 Mt CO 2 , 0.35%). In the respect of EU28 averages of emissions for those sectors, except solvent and other product use sector, all sectors do not exceed the EU28 averages. Moreover, the trend of all industries except of waste is decreasing; the relatively largest decline was reported in agriculture sector in the amount of 50.32%. In case of waste sector, in 2011 by 37% of CO 2 equivalent emissions were generated more than in 1995 in the Czech Republic. For more details see Fig. II 
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1: Energy intensity to GDP (EIa) and carbon intensity to energy consumption at the Czech Republic, 1995-2011/2012
Source: Eurostat, online data code: nama_gdp_c, env_air_gge, nrg_100a, own processing Another aspect of greenhouse gas emission analysis is breakdown by economic activity. In the Czech Republic the largest shares of greenhouse gas emissions on economic activity are generated in the NACE 8 sections D (Electricity, gas, steam and air conditioning supply, specifi cally 55.5 mil tCO 2 , 58%), C (Manufacturing, 18.5 mil tCO 2 , 19%), H (Transportation and storage, 8.3 mil tCO 2 , 9%), as well as in EUR28. It is corresponding with the results of emissions breakdown by industry sector, have been mentioned above. Primary industries including Agriculture, forestry and fi shing (NACE A, specifi cally 1.2 mil tCO 2 ) play a minor role, it reached 1% as well as NACE E, G, L and O, and they are below the EU28 average. Further, mining and quarrying activities (NACE B) have been still dominated in the Czech Republic, it generates 5% of emissions (4.4 mil tCO2) in contrast to 3% of the EU28 average. Activities of construction (NACE F) generate 2% of greenhouse gas emissions in the Czech Republic as well as in EU28. For more details see Fig. III and Tab. IV below.
II: Carbon intensity and Energy intensity at the Czech Republic and EU28
Carbon intensity Energy intensity (EIa
Furthermore, based on the development of emissions during 2008 to 2011 can be concluded that emissions are declining mainly in the industry sector comparing to the service sector. In the Czech Republic, the relatively largest increasing of emissions was indicated in the NACE I (Accommodation and food service activities), specifi cally by 60% during 2008 to 2011. Further, it was followed by wholesale and retail trade (NACE G) and professional, scientifi c and technical activities (NACE H), which generate by 29% more emissions than in 2008. Other activities, namely NACE Q and S increased their emissions slightly. The rest of activities in service sector and industry sector produce lower amount of emissions than in 2008, the trend of emissions generated is declining. The relatively largest decreasing (by 29%) was indicated in the sector of manufacturing (NACE C), mainly because of large investments into more environmental friendly production processes and recession of economy due to the fi nancial and economic crises. However as was mention above, activities generated the largest part of emissions are energy (NACE D), manufacturing (NACE C) and transport (NACE H) with emissions in the amount of 82.4 mil tCO 2 equivalents from the overall amount of 95.24 mil tCO 2 equivalents. For more details see Tab. IV below.
The last part of greenhouse gas emission analysis includes the carbon productivity of the economy of the Czech Republic, by NACE section. Based on the results in Tab. V below can be concluded that almost all economic activities except (NACE I, A, M and G) had higher carbon productivity in 2011 than in 2008, i. e. that each NACE section produced higher amount of gross value added in the respect of 1 tCO 2 generated through each NACE sections. However, in 2011 all NACE sections altogether Source: Eurostat, online data code: nama_nace21_k, env_ac_ainah_r2, own calculation and processing generated lower carbon productivity at the amount of 1,446.82 EUR/tCO 2 in comparison with 2,348.57 EUR/tCO 2 for EU28. Further, in 2011, the highest carbon productivities were generated by NACE K and J, due to lowest emissions and higher gross value added, specifi cally in the amount of 77,099 EUR/tCO 2 and 62,630 EUR tCO 2 . The highest improvement of carbon productivities were observed mainly by section 9 K and L (by 50%), R (by 42%), F and C (by 39%), O (by 35%) and E (by 34%). Improvements of carbon productivity were caused due to both decreasing of emissions (see Tab. IV above) and increasing of gross value added (see Tab. VI above) generated by individual sections. Comparing with the 4 exceptions, where a situation was diff erent. In NACE G, I and M, the reduction of carbon productivity was caused due to increasing of emissions in individual sectors, e.g. the relatively largest increasing of emissions was in NACE I by almost 60% with impact on the reduction of the carbon productivity in the amount of 32% (for more details see Tabs. IV and V). However in case of NACE A the reduction of carbon productivity was cause by both factors -decreasing of emissions and gross value added, therefore there was indicated the relatively largest reduction in carbon productivity by 34%. For more detail see Tabs. IV, V and VI.
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As was mentioned above, gross value added was increasing during 2008 to 2011 in almost all sectors, except of NACE A and C. However, sector C has been still generated the highest gross value added, at the amount of 33,729 mil EUR, compared with others. The second highest value of gross value added is generated through sector G -wholesale and retail trade, repair of motor vehicles and motorcycles -at the amount of 16,217 mil EUR. The relatively largest growth of gross value added was observed in NACE K by 40%. For more details see Tab. VI above. All those improvements had positive impact on carbon productivity (see above).
In addition, in the respect of energy intensity (EIb) i.e. the amount of energy required to produce a unit of gross value added, was observed that each NACE section had lower energy intensity in 2011 compared to 2008. However, in comparison with EU28 result in the amount of 150.19 TOE per mil EUR, the Czech Republic has had still higher energy intensity, specifi cally at the amount of 178.11 TOE per mil EUR, despite of the fact that the trend is declining by 14% compared to 2008. Further, the relatively largest reduction of energy intensity was indicated in NACE 
DISCUSSION
Regarding the Kyoto targets, the Czech Republic is deeply below the 8% reduction's target, as well as 20% reduction's target. However its overall greenhouse gas emission per capita (12.73 tCO 2 ) is above of EU28 average (9.07 tCO 2 per capita). As regard as the energy intensity to GDP, it was observed a decreasing trend, specifi cally in the amount of 45% compared to 1995 in 2012. It is positive because for the production of one unit of economic output is used half of energy than in 1995. Moreover, similar positive trend in the amount of 15% was observed in case of the carbon intensity that presents lower emissions generated to meet the energy needs compared to 1995. Regarding the source of greenhouse gas emissions in the Czech Republic, as the most important source was observed the energy industry including transport, which covers 82% of overall emissions and reaches average in the amount of 122,702 Mt CO 2 . Further, the largest decline was reported in agriculture sector in the amount of 50.32% (average 9,817 Mt CO 2 ). The decreasing trend was also observed in other sectors, although in case of waste sector the increasing trend by 37% was detected. However, in the respect of EU28 average of emissions, except solvent and other product use sector, all sectors do not exceed the EU28 average. Based on the detailed analysis (breakdown by economic activity), the primary industries including agriculture, forestry and fi shing play a minor role in the Czech Republic, it generates 1% of overall emissions, although mining and quarrying industries are still dominated with 5% share on emissions.
There is still visible fact that the Czech Republic has been focused on heavy industries. The largest shares of greenhouse gas emissions on economic activity were indicated in energy (NACE D, 58% of emissions), followed by manufacturing (NACE C, 19% of emissions) and transport (NACE H, 9% of emissions), as well as in EU28 and generate emissions in the amount of 82.4 mil tCO 2 from the overall amount of 95.24 mil tCO 2 . Further, it is positive that almost all sector of economy produce lower amount of emissions than in 2008. The relatively largest decreasing by 29% was observed in the sector of manufacturing, mainly because of large investments into more environmental friendly production processes during last decade and also mainly recession of economy due to fi nancial and economic crises, which reduced economic activities and production. Furthermore, based on the carbon productivity of the individual areas of the economy can be concluded that almost all economic activities except (NACE I, A, M and G) had higher carbon productivity in 2011 than in 2008, i.e. higher amount of gross value added was generated in the respect of 1 tCO 2 . Improvements of carbon productivity were caused due to both decreasing of emissions and increasing of gross value added generated by individual sectors. However, in case of agriculture (NACE A) was observed the relatively largest decline of carbon productivity in the amount of 34% due to decreasing of emissions and gross value added generated by that sector. The highest carbon productivity is generated by NACE K and J with contrast to the lowest carbon productivity in NACE D. In addition, it was indicated the increasing trend of gross value added in all sectors of economy except of agriculture and manufacturing sectors. Although the sector of manufacturing is still generated the highest gross value added in the amount of 33,729 mil EUR. Regarding the energy required to produce a unit of gross value added i.e. energy intensity, was observed that each NACE sectors has lower energy intensity than in 2008. The relatively largest reduction of energy intensity was indicated in NACE A, in the amount of 87%. Further, sectors B, E, R and S have the highest energy intensity in the amount around 15 tis. TOE per mil EUR in contrast with the lowest in case of manufacturing (NACE C). Finally, if all factors were evaluated altogether (for details see Tab. VIII below), it can be concluded that although the Czech Republic is deeply below Kyoto targets, there are other aspects of emissions and areas where is place for improvements, e.g. in case of both energy intensities, as well as in case of carbon intensity and carbon productivity, where the Czech Republic reaches worse results than the EU28. Based on the results can be recommended to decrease greenhouse gas emission and increase gross value added generated by each NACE sector. Both those factors will impact on improvement of energy intensity, carbon productivity as well as greenhouse gas emissions per capita.
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